Please type a plus stgn {+) inside this box - 



PTO/SB/05 (1/98) 

Approved for use through 09/30/2000. OMB 0651-0032 
Patent and Trademark Office U S DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 



OO! 



v*> = 



i n 
= en 

! \£> 

; in 



! H 

: o 



UTILITY 
PATENT APPLICATION 
TRANSMITTAL 

(Only for new nonprovisional applications under 37 CFR 1 53(b)) 



Attorney Docket No. 



0756-1943 



First Inventor or Application Identifier: Shunpei YAMAZAKI et ai 



Title: ELECTRO-OPTICAL DEVICE AND METHOD FOR DRIVING THE 
SAME 



Express Mail Label No. 



APPLICATION ELEMENTS 

See MPEP chapter 600 concerning utility patent application contents. 



1. [X] Fee Transmittal Form (e.g., PTO/SB/17) 

(Submit an original, and a duplicate for fee processing) 

2. [X] Specification Total Pages [53] 

(preferred arrangement set forth below) 

- Descriptive title of the Invention 

- Cross References to Related Applications 

- Statement Regarding Fed sponsored R&D 

- Reference to Microfiche Appendix 

- Background of the invention 

- Brief Summary of the invention 

- Brief Description of the Drawings (if filed) 

- Detailed Description 

- Claim(s) 

- Abstract of the Disclosure 

3 FX] Drawing(s) (35 USC 113) Total Sheets [26] 

4 [X] Oath or Declaration Total Pages [2] 

a. [ ] Newly executed (original or copy) 

b [X] Copy from a prior application (37 CFR 1 63(d)) 

(for continuation/divisional with Box 17 completed) 
[Note Box 5 below] 
i. [ } DELETION OF INVENTOR(S) 

Signed statement attached deleting 
inventor(s) named in the prior application, 
see 37 CFR 1 63(d)(2) and 1 33(b). 
5. [X] incorporation By Reference (useable if Box 4b is checked) 
The entire disclosure of the prior application, from which a 
copy of the oath or declaration is supplied under Box 4b, 
is considered to be part of the disclosure of the 
accompanying application and is hereby incorporated by 
reference therein. 



ADDRESS TO: 



Assistant Commissioner for Patents 
Box Patent Application 
Washington, DC 20231 



6. [ ] Microfiche Computer Program (Appendix) 

7. Nucleotide and/or Amino Acid Sequence Submission 
(if applicable, all necessary) 

a. [ ] Computer Readable Copy 

b. [ ] Paper Copy (identical to computer copy) 

c. [ ] Statement verifying identity of above copies 



ACCOMPANYING APPLICATION PARTS 

8. [ ] Assignment Papers (cover sheet & document(s)) 

9. [ ] 37 CFR 3 73(b) Statement [ ] Power of Attorney 

(when there is an assignee) 
English Translation Document (if applicable) 



10. [ ] 
11 [X] 

12. [X] 

13. [X] 

14. [ ] 



15. [ ] 
16 [X] 



Information Disclosure Statement [X] Copies of IDS 

{IDS)/PTO-1449 Citations 

Preliminary Amendment 

Return Receipt Postcard (MPEP 503) 

(Should be specifically itemized) 

*Small Entity [ ] Statement filed in prior application, 

Statement(s) Status still proper and desired 

(PTO/SB/09-12) 

Certified Copy of Priority Document(s) 
(if foreign priority is claimed) 
Other: Notice of Change of Address 



*A new statement is required to be entitled to pay small entity fees, 
except where one has been filed in a prior application and is being 
relied upon. 



17. If a CONTINUING APPLICATION, check appropnate box, and supply the requisite information below and tn a preliminary amendment 

Divisional of prior application Serial No. 08/912,298, filed July 31 1997; which itself is a Continuation of Serial No. 
08/634,382, filed April 18, 1996, now abandoned; which is a Divisional of Serial No. 08/153,080, filed November 16, 
1993, now U.S. Patent No. 5,568,288; which is a Divisional of Serial No. 07/857,597, filed March 25, 1992, now U.S. 
Patent No 5,287,205 . 

Prior application information: Examiner: J. Dudek Group/Art Unit: 2871 



18. CORRESPONDENCE ADDRESS 


[ ] Customer Number or Bar Code Labei 


or [ X ] Correspondence address below 
(insert Customer No or Attach bar code label here) 


Name Eric J Robinson 

Firm SIXBEY, FRIEDMAN, LEEDOM & FERGUSON, P C 

Address 8180 Greensboro Drive, Suite 800 

City McLean State VA 

Country USA Telephone (703) 790-9110 


Zip Code 22102 
FAX (703) 883-0370 


Name: Eric J. Robinson 


Registration No. 38,285 


Signature - 


Date: J dfr'X 7? 


Burden Hour Statement This form is estimated to take 0.2 hours to complete 


Time will vary depending upon the needs of the individual case Any comments on the amount 



oOs 



of time you are required to complete this form should be sent to the Chief Information Officer, Patent and Trademark Office, Washington, DC 20231 DO NOT SEND FEES 
OR COMPLETED FORMS TO THIS ADDRESS SEND TO Assistant Commissioner for Patents, Box Patent Application, Washington, DC 20231 



- 1 



Docket: 0756-1943 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re DIVISIONAL Application of 
Shunpei YAMAZAKI et al. 
Based On Serial No. 08/912,298 
Which Was Filed: July 31, 1997 
For: ELECTRO-OPTICAL DEVICE AND 
METHOD FOR DRIVING THE 

SAME ) Date: April 7, 1999 



Art Unit: 2871 
Examiner: J. Dudek 



PRELIMINARY AMENDMENT 

Honorable Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Please preliminarily amend the subject application as follows: 
IN THE SPECIFICATION: 



Before the first sentence of the specification, insert —This application 
is a Divisional application of Serial No. 08/912,298, filed July 31 1997; which 
itself is a Continuation of Serial No. 08/634,382, filed April 18, 1996, now 
abandoned; which is a Divisional of Serial No. 08/153,080, filed November 16, 
1993, now U.S. Patent No. 5,568,288; which is a Divisional of Serial No. 
07/857,597, filed March 25, 1992, now U.S. Patent No. 5,287,205.-- 
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REMARKS 



This application has been amended to include the continuing application 
data thereof. 

Examination on the merits is requested. 

Respectfully submitted, 



Eric J. Robinson 
Registration No. 38,285 

8180 Greensboro Drive, Suite 800 
McLean, Virginia 22102 
(703) 790-9110 




TITLE OP TCT IKVgyTIOM 

ELECTSO-OPTICAL DEVICE AND METHOD ?OR DXIVINQ TEE SAME 



BACKGROUND OF THS INVENTION 

1, Field of the Invention 

Tuft present invention ralates to an oiactro-optlcal device, 
e*g, to an aotive liquid crystal electro-optical device, in 
particular, to a device provided with two complementary thin film 
insulated gate field effect transistors (hereinafter referred to 
as C/TFTs) bavins a structure cf modified transfer gate MTG) . 

Also, the present invention relates to a nethcd for driving 
an active electro-optical device, in particular, to a method for 
driving an active eleotro-optical device with clear gradation" 
leva! in a digital mode* 

2. Description of the Prior Art 

An active liquid crystal electro-optical device utilizing 
TFT is conventionally know. In this device, an amorphous or 
polyorystalline semiconductor is used for TFT, while either one 
of conductive type alone is used for each picture element 
thereof. Nasisly, an N-channel TFT (referred to ae NTFT)-- is 
generally linked to the picture eissnent in series. 

Since the dielectric constant in a direction parallel to a 
molecular axis of the liquid crystal composition provided between 
substrates ie different from that in a direction perpendioular 
thereto due to the material property thereof t arrangement of the 
composition can easily bo made in both directions, hcrizont&lly. 
or vertically, to the outside electric field. By utilising the 
anisotrcpy of dielectric constantj the amount of transmitted 
light or of dispersion thereof is controlled in a liquid crystal 
electro-optical device, so as to perform on/otj display. 

FigiS shows an elecrro-optic property of nematic liquid 
crystal. tffcen the applied Toltage is small, wnich is indicated by 
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Va or a point* A« the amount of transmitted light is approximately 
OH , and at Vb or point B, it is approximately SO*, while mt Vc or 
point c, It is approximately 70%, and at Vd or point D> it 
amounts to approximately Therefore , when the points A and D 

alone are used, two-graded display in black-and-white is 
possible, while t when the point3 B, c, or the points where 
elactro-optical property { transmit tanoo) rises in ?ig>2\ are 
used, the display cf intermediate gradation is possible* 

As for the conventional electro-optical device utilizing 
T?Ts, gradation display was performed by varying the voltage 
applied to a gate or the T2T or that applied between source and 
drain thereof, and controlling the voltage in an analogue mode. 

Concerning the conventional method of gradation display in 
the 'electro-optical device utilizing TFT, an explanation will be 
jn&de; an N-channei thin film transistor used for the conventional 
electro-optical device has the vcltago-curr&nt characteristic as 
shown in Fig. 3, which shovs the voltage-current characteristic of 
the N-cnannel thin film transistor utilizing amorphous silicon, 
and of that utilizing poly-silicon. 

By controlling the voltage applied tc a gate electrode of 
the thin film transistor having such characteristic in an 
analogue noda, drain current can be controlled and therefore 
strength of the electric field to be applied to the, liquid 
crystal can be varied, whereby gradation display is possible* 

In the case of an electro-optical device having picture 
elements of, for example, 343 x 400 dots, however, it is 
difficult to manufacture all 236^000 T?Ts without variation in 
characteristics thereof. It ie thought, that 15 gradation levels 
are limit of the number of gradation levels of such electro- 
optical device having; 640 x 400 picture elements in order to 
achieve productivity and yield required for practical process. 

A gradation display may be performed by predetermining the 
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value of g*te voltage, while controlling only the - turning of 
ON/ Oil by gate voltage, and by variably controlling source or 
drain voltage. In this case, however, about 18 gradation levels 

are considered to be a limit, based on the fact that the 
characteristic are unstable. In an analogue mode of the gradation 
display control, clear display was difficult due to variation in 
characteristics of TIT, 

Another method of gradation display using multiple frames is 
suggested. As shown in the outline indicated in Fig* 11, whan a 
gradation display is to be performed using, for exanjple 10 
frames, by aaking two frames out of tea transparent, wiiile the 
remainder of eight frames nontransparent, , average 20% of 
transparency can be displayed at picture element A« A picture 
element 3 displays TOX of transparency on an average in the same 
manner, while a picture element C o0% of transparency on an 
average. 

tfhsn such a display is carried out, however, since the 
number of frame is practically reduced thereby, flickering ana 
display failure were sanerated. To solve the problem, the 
increasing of frsjne frequency, or the like, ia suggested, 
whereas, the increase in power to be consumed in accordance with 
the increase in driving frequency, as well as the difficulty in 
the achievement of higher operation speed IC, indicated a limit 
cf this msthod. 

An object of the present invention is to provide a :neuhod of 
compensating the variation in characteristics of TP? by inputting 
a reference signal repeated in a. certain cycle and having signal 
level which varies during duration of the reference signal, from 
a controller side, in order to clarify the level of applied 
voltage, and by controlling the tisie of connecting the reference 



3 



signal to the TFT by digital value, isd thereby controlling the 
voltage to he applied to the TFT, namely, to offer an electro- 
opuical device by using coinplsmentary thin film transistor* 
* (C/TPTs) having a structure of modified transfer gate <MTG) that 
performs digital gradation display. 

The method is characterized in displaying gradation in an 
electro-optical device using a display drire method that has a 
display tinting in ralanion to a time ? tor writing one picture 
plane and a time tt) for writing in one picture plane, -without 
changing tho time P, by apply ing a reference signal that has 
voltage variation in a cycle that is equal to the time (t> to one 
of the signal lines that are used for drive and selection of a 
picture element, as well as a selection signal at a certain 
tiding within the time <t), to the other signal line, thereby 
determining the voltage to be applied to a liquid crystal, and 
thereby actually applying the vcltage to the picture element. 

In addition, tha method is also characterized in high speed 
control without being limited by several tens of MHz that was a 
limit of data transfer spaed for a conventional CMOS, sine© the 
timing is not dependent upon the transfer of the data, but" is 
processed at a part for signal process, with a high speed clocS 
being added to a driver IC itself that is put on the electro- 
optical device. 

Fig. 1 shows a concrete drive waveform for driving the 
electro-optical device in accordance with the present invention! 
Th« electro-optical dovic© has a circuit cenriguration equivalent 
to a circuit diagram having a 2 ?c Z matrix form ahovr. in Fig. 4, 
Kerain used is a half wave of a sine wave, as the reference 
signal waveform cf varied voltage in a certain pericd of time as 
described supra. Sine waves 309, 310 are applied to v DD1 303, 

V DD2 3C4 tiat * al1 la a direction or a scanning line, while two- 
polarity (hereinafter referred to as bipolar) signals are applied 
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10 v aai 301 « v aG2 302 that fal1 in * direction of information lina. 
Digital control is carried out by a tiaing of applying the 
bipolar signals. 

Najnely, the oaount of charge to be accunrnlatod at tli* point 
A as wall as a lac trie potential at. the point A are determined by 
changing the timing for selecting the signal of varied voltage in 
a oortain period of tima, as shown in 309 ana 310 9 and. rue size 
of the electric field tc be applied to the picture element as 
well as to tho liquid crystal is daterminod by defining a certain 
value for the electric potential 313 of a counter electrode. 

The timing of applying the bipolar signal to gate signal 
lines SUCh as Vqqji v gq2 is ao ^ determined by the transfer speed 
of the information signal, but is regulated by the reference 
cloclc input to tna driver ic that is directly connected to the 
electro-optical device in the present invention* Kamely, in the 
case of an alactro-cptical device or 840 x 400 dots, drive 
frequency is approximately 2CMHz based on the limitation of CMOS, 
and, in ordor to calculate the number of gradation levels by 
utilizing this value, the drive frequency is to be indicated 
as a product of the number of scanning lines, the number of 
frames, the bipolar pulse, and the number of gradation levels, 
from vrhich SQKHs is divided by {400 x 80 x 2), to obtain the 
numbar of gradation levels vhich is and it is needless to 

say that a display having 632 gradation levels is possible by 
dividing the display soraan into two. 

The present invention Is characterised in performing 
gradation display in a digital raathod, instead of employing tha 
conventional analogue method of gradation display, to obtain the 
effect, in the case of an electro-optical device having picture 
elements of 040 x 400 dots, It is very difficult to eliminate 
the variation in characteristics for all the TFTs cf S5S,0O0 f at 
the tine of iranufacturing, and, practically, in consideration of 
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mass production and yield, 13 gradation display la supposed to 
bo a limit, vhareas, the mat ho a of compensating the variation in 
« characteristics of TFTs ia employed in the present invention by 
inputting a reference signal from a controller side. In order to 
.clarify the level of applied voltage, and by controlling the 
timing of connecting the reference signal to TTT by digital 
value, and thus controlling the voltage to be applied to TIT, 
which allows for clear digital gradation display. 

Also, clear digital gradation display is possible without 
changing the number of frames for one picture plane, by defining 
two Itinds of drive frequency, whereby the generation of 
flickering concomitant with the decrease in the number of frames 
can be prevented. 

For example, when a gradation display is psrfonned in a 
normal analogue node for an electro-optical device, for vhich 
256,000 pairs of TJTs of 540 x 400 dots are formed in 300nm 
square, a 16-gradation display is an upper limit due to the 
variation in tct characteristics of approximately ±iox, in the 
case cf digital gradation display in accordance with the present 
invention, however, sines the variation in characteristics of TTT 
devices can be compensated, a 235-gradation display is possible, 
and a various and subtle color display of as many as 16 , 777 ,216 
icinaa of colors are possible thereby. When a software such as a 
television image is to be projected on the" screen, fcr example, 
the projection cf a •'rock 11 scene " of the sane color requires 
subtle difference in colors due to the existence of slight 
recesses and the like thereon, and the le-gradation display is 
not suitable for the display as close to the natural coloration 
ion as possible. However, the subtle variation in tone can be 
displayed by the gradation display in accordance with the present 
invention. 
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The accompanying drawings, which are incorporated in and 
form a part of the invention and together with the description, 
serve to explain the principle of the invention, 

Fig> 1 ahowe an example of a drive waveform in accordance 
with the present invention. 

Fig ,2 shows an electric photo-optical characteristic ox the 
conventional electro-optical device « 

?ig<3 Shows a current-voltago characteristic of TFT in the 
case poly-silicon and amorphous silicon are adopted as materials 
used for the TFT. 

Fig.* shows an example or a circuit of an active matrix 
electro-optical device applicable to the present invention t 
sub j act to a part of 2 x 2 matr-ix structure. 

Fig. 5 shows an example of a circuit of an active matrix 
electro-optical device applicable to the present invention, 
subject to a part of 2 x 2 matrix structure • 

Fig>6 corresponding to Fig»5 shows the arrangement of an 
active matrix electro-optical device applicable to the present 
invention. 

Figs. 7 (A)- to CI) corresponding to the first preferred 
embodiment, show schematic cross sectional views indicating the 
manufacturing prooees of the TFT applicable to the present 
invention. 

Fig. S and Fig, 8 show schematic structure of the display 
device applicable to the electro-optical device described in the 
present invention. 

Tig, ic sfaovs a system structure of a drive circuit for an 
electro-optical device applicable to the present invention, 

yig.il shows a concept of gradation display in accordance 
with the conventional method. 

Fig.i2 shows the manufacturing process of farming a color 
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filter on the »ubs^rat« of the electro-optical device. 

Fig. 13 corresponding to the third preferred embodiment. 
. shows the arrangement of an active matrix electro-optioal deviee 
applicable to the present invention. 

Figs. 14 (A) to (G) corresponding to the second preferred 
embodiment j show schematic cross sectional views indicating the 
manufacturing process of the TFT applicable to the present 
invention • 

713*15 shows an example of a drive waveform in accordance 
with the present invention, 

rig, 15 chows an oxample of application I the electro-optical 
device' in accordance with the present invention, to a view 
finder. 

Fig. 17 shows an exajnpla of the electro-optical device in 
accordance with the present invention, of a front type projection 
television, 

rig. 19 shows a schematic structure of the electro-optical 
device in accordance with the present invention. 

fig. 18 shows a system structure of a drive circuit of tho 
electro-optical device applicable to the present invention. 

Fig. 20 snows an example of the application of the electro- 
optical device in accordance with the present invention, to a 
personal computer. 

Fig, 21 corresponding to the third -preferred embodiment , 
shows the arrangement of the active matrix electro-optical device 
applicable to the present invention. 

Figs. 22 {A) to (Q) corresponding to ths tftird preferred 
embodiment, show schematic cross sectional Yieva indicating the 
manufacturing process of the TFT applicable to the present 
invention. 

Fig. 2a is a circuit diagram showing an .©quivalent circuit in 
accordance wixh tha present invention* 
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DETAILED Dg SCRIPTTOM 0? TffE PSSTEgRgP EMBODIMBOTS 



Pref erred Embodiment 1 

In thie embodiment , a wall television is manufactured by 
using the liquid crystal display device having thm circuit 
structure a3 shown in Fig. 5, which will be described infra. The 
manufacturing process of the TFT employed as an active device of 
the electro-optioal device is shewn in rigs. 7 (A) through (I). 
Polycrysialline silicon that is subjected to laser annealing 
process is used as a semiconductor material that forms the t:?T. 

The arrangement of the electrode s etc, of the aotual 
electro-optical device corresponding to the circuit structure 13 
sho-ra in Fig, e, which shows only a part corresponding to 2 x 2 or 
less thereof for simplification. The drive signal waveform that 
is actually used thersfcr is shown in yig.l, which also shove the 
signal waveform of 2 x 2 matrix form for simplification. 

Referring to Pig, 7, the manufacture of the liquid crystal 
panel used in accordance with the preferred embodiment 1 vill be 
described. Referring to Fig, 7 {A), a silicon oxide film is 
manufactured to a thickness of 1000-3000 angstroms as a blocking 
layer 61, by magnetron RF (high frequenoy) sputtering, on the 
glass 50, which is not expensive, and vnich endure the heat 
treatment cr not more than 700 *c, e.g. of approximately 000 m C, 
under the prcoess condition of oxygaa 100% atmosphere, deposition 
temperature cf 15 "C, output of 400 to SOOW, and the pressure of 
0.9Fa. The deposition rate was SO to 100 angstroms/minute Vhen 
quartz or single crystalline silicon was used a3 a target. 

An intrinsic, or substantially intrinsic silicon 
film 52 was manufactured oy plasma cvn thereupon- The deposition 
temperature ranged from 25C*C to 350 # C, and It was 320 # c in 
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the preferred embodiment i, using mono-ailane (3iH 4 ) as a 
reactive gas, which oan be replaced with disilane (Si 2 H fi ) 
triailane (Si 3 K 8 ). Theaa vera introduced In a FCVD derice. and 
deposition vas carried out by applying high frequency power of 
13.55MH3 undor the pressure of 3?a. me suitable high frequency 
power Is 0*02 to O.lOW/cm 2 , while O.OSSW/cm^ was adopted in the 
preferred embodiment 1. The flow of nano-silane (SiH^) was 
20SCCM, and the deposition rate at the time was approximately 
120 angstroms/minute. Boron can be added to the deposited tilm at 
a concentration of 1 x 10 15 to 1 x I0 18 ca" 3 using diborans 
during the deposition, in order to control the threshold Toltage 
(Vtn) almosr equal between PTFT and NT?T. Sputtering or low 
pressure CVD can be employed instead of the plasrofc CVD for the 
deposition of the silicon layer that will be a cnannel resion of 
TFT* and the methods will be described below in simplified 
manner. 

In the case of sputtering, the back pressure before 
sputtering was no more than 1 x 10~ 5 Pa, and the sputtering was 
performed using a 3ingie crystalline silicon as a target, in the 
atmosphere in which 20-S0?K of hydrogen vas added to argon! e.g. 
203i of argon and box of hydrogen.. The deposition temperature was 
130 # C, and the frequency was 13.58MH3, while tha cputtering 
output was 400-8C0W, and the pressure was o.SFa. in the case of 
low pressure CVD, deposition was carried out by supplying 
disil ane (SigHg) or trlsilane (Si^Hg) %o a CVD device, at a 
temperature of 450-550 *C» 100 to 200*C lower than that for 
crystallization, e.g. at 530 *C. The pressure inside of the 
reactor was 3O-30CPa, while the deposition rate was 50-250 
angstroms /minute . 

Oxygen in the film formed in these manner is preferably not 
mere than 5 x I0 21 ax>oms-cra~ 3 . It is preferred that the 
oxygen concentration be not mora than 7 x lO i5 atoms *cm~^, 
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desirably no wore than 1 x lO^atoms'cm , in order to promote 
crystal ligation, however » if it is too low, current leakage under 
the OFF condition o£ TIT is increased duo to the illumination of 
the oaclt lignt Of the electro-optical device, whereas, if it is 
too high, crystallisation becomes diffioult, and tnus laser 
annealing temperature musx be Increased or the laser annealing • 
time must be prolonged. The concentration of hydrogen was A x 
10 20 a-oms»cm" 3 t and is one atczt5S compared to the silicon supposed 
to be 4 x l0 22 atoms'crc" 3 . 

The oxygen concentration can be not more than 7 x 
lO^atoms^cm" 3 or desirably nc more than 1 x 10*® atoms • en"** , so 
a3 tc promote crystallization with regard to source or drain and 
oxygen can be added only to the channel forming region of the TFT 
tliat forms pixel, at concentrations of 5 r 10 2 ^ to 5 x 
10 31 atoms ♦cm" 3 by ion implantation. 

A silicon film an amorphous condition was formed at 500 to 
6C00 angstroms in the above-mentioned manner, and at 1000 
angstroms in the preferred embodiment 1. 

Referring to Fig. 7 (B) , a photoresist pattern 53 is formed 
vith openings formed only on the source and drain regions in the - 
photoresist pattern using a maslt Pi. A silicon rilm 54 was 
manufactured thereon* which is to be an n-type actlration layer, 
by plasma CVD, at the deposition temporature of 25Q~C to 350 *C, 
o;g. 320*C in the preferred embodiment -1, using mono-silane 
(5iH^) and Z% concentration of phosphine (FH3} of mono-silane 
bass. Thaca wore Introduced in the FCVD device at a pressure of 
5Fa, and the deposition was carried out by applying a high 
frequency power of 13.56MHz. The suitable nigh frequency power is 
0.03-0, aevf/cm 2 , and it was 0.120V/cra 2 in the preferred embodiment 
1. 

The electric conductivity of the n-type silicon layer formed 
in the above-mentioned manner was approximately 2 x iC~*C(C*cra)~*3 
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while tha film thickness was 50 angstroms* The resist -S3 was 
xhen removed by lift-off method, so as to form ioTirco t draia 
regions 55, 56. 

a p-type silicon semiconductor layer vas formed using the 
* same process, Mono-silane (SiH 4 ) and 5X concentration of 
diboraneCBgHg) of mono-sllane base were used as the introduction 
gas. These vera introduced in the PCVD davioe at a prassure of 
4Pa i and deposition was carried out by applying a high frequency 
povar or 13.3GHKZ* The suitable high frequency power is 0,05 to 

0. 2CW/om 2 , and Q,120W/cm a was adopted in the preferred embodiment 

1. The electric conductirity of the p-type silicon layer formed 
in this warmer was approximately 5 x 1C" 2 ECa^cm)"*!, while the 
film thickness was 50 angstroms. Source, drain regions 59, 80, 
were formed by using the lift-off method in the same manner as 
the n-type region. The silicon film 32 was then etched off, using 
a mask F3, and an island region 33 for H-channal thin film 
transistor as well as an island region 64 ror f channel thin film 
transistor ware formed ■ 

The source, drain and channel regions ware ias«r-annaal£d 
using XeCl ©xcimer iasar, while a laser doping was carried out" to 
tiie activation layer. As for the laser energy at tho tima, a 
threshold energy was ISOmJ/cm 2 , whereas 220mJ/cm a was required 
so as to melt the entire film thickness. When the energy of no 
less than 220mJ/cm 2 is irradiated from the start, hydrogen 
included in the film is abruptly ejected, whereby the film is 
damaged. 7or that reason, welting has to b« oarrisd out aftw the 
hydrogen is primarily purged, at a. low energy. In the preferred 
embodiment 1* after the hydrogen was at first purged at 
150ir.J/om 2 , crystallization was carried cut at 23CinJ/cni^ 

By the annealing, the silicon film is transformed from an 
amorphous etruoture to tho stata of higher order, with a* part 
thereof being crystallized. In particular, a relatively higher 
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order region of the silicon c oat.fi £ film tends to be crystallized 
into a crystalline region by the annealing* However, silicon 
. atoms are pulled vith each othar since hands are formed between 
such regions by silicon atoms existing therebetween* Laser Raman 
Spectroscopy reaults show a peak shifted to the frequency 
lower than the single crystalline silicon peak Of 522cizf 1 , The 
apparent grain dianseter was calculated 50 to 500A, based on a 
half band width, however, In Tact- the film comprises » lot of 
high crystalline- regions which constitute a cluster structure, 
and clusters are anchored to each ether in the film by bonds 
between silicon atoms. 

As a roeult, it can be said tfcat substantially no grain 
boundary (hereinafter referred to as GB) exists in the film. 
Since carriers can easily move between the respective clusters > 
through the anchored portions, a carrier mobility higher than 
that of a poly-crystalline silicon in which a GB obviously 
exists, is achieved. Namely, Hall mobility <ph) of 10- 
£00cm 2 /Vsec, electron mobility (£h) of 15-SCOcjn 2 /VSec can be 
obtained. 

A silicon cxide film was formed as a gate insulating film 
thereon in the thickness ranging from 500 to 2GC0A, e.g., at 
10QOA, under the same condition as that for the manufacturing of 
the silicon oxide film as a blocking layer. At tho time of 
forming the film, a small amount of fluorine may be added 
thereto, so as to stabilize sodium ion, 

Further, on the upper surface thereof, a silicon film doped 
with phosphorus at 1 to 5 x 10 2I atoms -crT 3 , or a. multi-layored 
filn comprising this silicon film and molybdenum (Mo), tungsten 
jw) r HOSig or Vfsig film formed thereupon, was formed, which was 
then subjected to a patterning process using a fourtn photomask 
?4, and the structure shown in Fig . 7(E) was thereby obtained* A 
gate electrode 68 for NTFT 5 as well as a gate electrode S7 for 
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PT3T were roriced: e.g. a channel length of Tjia; and as a gate 
electrode P-doped Si of O.Stjira or. which molybdenum va formed at 
C. 3pra. 

la the case aluminum (Al) is used as a gate electrod* 
material, After patterning the gate electrode material by a 
fourth photomask €9, -anodic oxidation can - be applied to : the 
surface thereof. in this case, a s air-aligning process can be 
employed, thereby the contact hole of a soured and drain can be 
formed closer to the gate, and tne T?r characteristic can he 
further improved thereby $ due to the improved mobility aa well aa 
the reduotion in threshold voltage. 

In this way, C/TFT can be jr.anuf actured without elevating the 
teraper&ture not less than 400"C, in every process, Therefore, it 
is not necessary to use an expensive material such as quartz for 
the substrate, and it can be said that this is a most suitable 
process ror manufacturing the vide-scresn liquid crystal display 
device in accordance with the present invention . 

Referring tc 5 , ig.7(F>, an inter-laysr insulating material ea 
was sputtered, so as to form a silicon oxide film, in the wanner 
described supra, The silicon oxide tilsn can be formed by LFCVD, 
ptioto-cvn, or by atmospheric pressure CVD, at a thickness of f for 
example, 0.2 tc O.Sum, and thereafter, an opening 79 for 
electrode was formed using a fifth photomask _ PS , In addition, 
after - aluminum was formed by sputtering at a thickness of 0.3iun 
thereupon, while a lead 74 as well as contacts 73, 73 were 
manufactured using a sixth photomask PS, an organic resin 77 for 
flattening, for example, a translucent pciyiniie resin was 
applied to and formed on the surface, end an opening for 
electrode was formed again by a seventn pnoromask P7. An ITO 
(Indium tin oxide) was formed ca the surface thereof, at a 
thickness of O.ijun by sputtering, and a picture element electrode 
71 was formed usine an eighth photomask PS. The ito was formed at 
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a temperature ranging from room ta^peratura to 150 *C, and wax 
subjected to annealing process at 200-400 "C in oxygen or 
* atmosphere. 

The electric characteristics or F-TTT thus obtained were: 
mobility of 40 (on 2 A«c>t Vth of -5.9{V), while these of HTFT 
were.: mobility of 8C{ea a /Vsac) , ana Vth ef 5-0(V). 

in whis manner, one substrate for the electro-cptioal device 
manufactured in accordance with the present invention, was 
chtained. 

The wirings of the electrode, etc., of the liquid crystal 
display device are shown in Fig. 5. An N-channel thin film 
transistor and a F-channel thin film transistor are provided on 
the intersection of a first signal line 3 and a second signal 

line 4, whereby the device has a matrix structure with the use of 
a modified TO typo C/TFT. TFT 13 i connected to the second signal 
line 4 through a contact of an input terminal of a drain 10, . 
while a gate C is connected to the rirst signal line 3* The 
output terminal of a source 12 is connected to an electrode 17 of 
the picture element through a contact* 

On tha other hand, regarding PTFT 22, the input terminal of 
a drain 20 is connected to the second signal line 4 through a 
contact, while a gate 21 is connected to the signal line 3, and 
the output terminal of a source IS, to tho picture element 
electrode 17 through a contact, in the same manner as NTFT. By 
repeating such a structure horizontally and vertically, tha 
liquid crystal display device having picture elsments as many as 
540 X 450, 1330 x 900, or 1920 x 400 in zhia embodiment s can bo 
obtained. 

In this way, a first 3Ubstrate of a pair of substrates was 
obtained. 

The manufacturing method of the other, or a second substrate 
is shown in Fig, 12. A striped color filter is provided on the 
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substrate corresponding to each picture element. The polyimide 
resin mixed with black pigment was formed on a glass substrate at 
a thickness of Ipa, by spin coating, and a blacfc stripe ei was 
formed using a ninth photomask P9. Then, the polyimide reeiti 
mixed with & red pigment wae formed at l^xat by spin-coating, a 
red filter S3 was formed using a tenth photomask FlO. A green 
filter 95 and a blue filter 86 ware formed in the seine manner, 
using masses Pll, F12, Each filter was baked in nitrogen for sixty 
minutes, at a temperature of 350 'c during the manufacture 
thereof* a leveling layer S3 was then manufactured using 
transparent polyimide, again by spin coating . 

An ITO (indium tin oxide} was then formed on the entire 
filter at a thickness of o.lpm by sputtering, and a common 
electrode £0 was formed using a fifth photomask F13. The ITO was 
formed at a temperature ranging from room temperature to 150 *C> 
and vaa subjected to tho annealing process at 200 toaoo *C in 
oxygen or atmosphere, so as to obtain a color filter layer and 
the electrode 90 on the second substrata. 

A polyimide precursor was printed on the substrate by an 
offset method, was baked in a non-oxidating atmosphere* e.g. in 
nitrogen, for an hour, at a temperature of 3S0 *C, and was 
subjected to a known rubbing method, whereby the surface 
condition of the polyimide was changed, and a means to allow for 
a, liquid crystal molecule to be oriented in a certain direction 
at least in the Initial stage was provided. 

The n^matic liquid crystal composition was sandwiched by the 
first and the second substrates as described above. The 
periphery of the first and the second substrates is fixed with an 
epoxy adhesive- A TAB shaped driving IC and a PCS comprising 
common signal and electric potential wirings are connected to 
leads provided on the substrate, and a polarizing plate wee 
attached to the outside tharsor, sc as to obtain a transmission 
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type electro-optical device, 

A schematic diagram of the electro-optical device in 
accordasoe with tills embodiment is shown in Figs. S and 9* The 
liquid crystal panel 220 manufactured in the processes described 
sboye vas installed by combining it with a rear part lighting 
device 221 comprising three pieces or cold cathode tubes 
arranged thereon, and was then conneoted to a tuner 323 for 
receiving television radio wave, so as to complete the electro- 
optical device > Since the device has a flat shape compared with 
the conventional one cf CRT type, it can be installed on the 
wall, and the like. 

Referring to Fig. 10, the driving peripheral circuit or the 
electro-cptical device in accordance vith the present invention 
will be explained: 

A driving circuit 352 Is connected to the wirings 330, 351 
on the side of an information - signal , connected to the matrix 
circuit cf the electrc-optical device . The driving circuit 352 
comprises two parts when divided by a driving frequency system, 
i.e* one is a data latch circuit system 353, which is the same as 
in the conventionally known driving method, and vhich primarily 
comprises a basic clock CLX signal circuit 355 for transferring 
the signals of a data signal circuit 333 in order, performing one 
bit to twelve bits parallel processing. The other is a part in 
accordance with the present invention, and„ comprises a clock 337 
corresponding to the degree of division necessary for gradation 
display, a flip flop circuit 353. and a counter 360. The counter 
360 forms a bipolar pulse generation timing corresponding to the 
gradation display data sent from the data latch system 333. 
Further, the gradation display data csui be controlled in finer 
way, when a R0K table for convert ins it into sine is used 
between the exit of the latch circuit and a data line 361/ 

The present invention is characterized in that the clear 
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digital gradation display is possible vithour changing tht number 
of frames for re-writing the eoreen, by taking tvo Icmds of 
v driving frequencies. The generation of flickering and the like 
caused by the decrease in the number of frames oan be prevented 
thereby. 

On the other har*d, a driving circuit 3S4 connected to signal 
lines 363 , 3S2 on a scanning side controls the sine wave 
transmitted from a sine wave oscillating circuit 365 by a flip 
flop circuit 356 of a clock CLS 367, and the select signal is 
applied to the signal lines 363, 352* 

By digitally controlling the timing for cutting the sine 
wave signal on zhe scanning side by the bipolar pulse on the 
information side, gradation display is possible. 

When an analogue gradation display is carried out in a 
normal mode for the electro-optical device comprising, for 
example % 7SS,ooo pairs of TFTs of 1920 x 400 dots formed into a 
300mm square, the variation in characteristics of the TITs 
becomes ±1056 as a whole, and thus a gradation display having 16 
gradation levels is an upper limit , whereas, vhen a digital 
gradation display ia carried out in accordance with the present 
invention, it is hardly affected by the variation in 
characteristics cf T?Ts, and a gradation display having: 64 
gradation levols is thus possible for the electro-optical device 
of the same sire, vhile various and subtle expression of 2S2,144 
kinds of colors is achieved in color- display. 

Preferred Embodiment 2 

The formation of a vi«w finder fcr a video camera utilizing 
an electro-optical device baring a diagonal of one inoh in 
accordance with this stocnd preferred embodiment 2 will he 
do&oribed balcv. 
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In this embodiment, the number of picture elements was 387 x 
123, and' th» device was formed us ins * high mobility TFT obtained 
- by * low temperature procaai, so as to form the view finder, The 
arrangement of the active device on the substrate of the liquid 
crystal display device used in this embodiment is shown in Fig. 
13 f and the manufacturing process of the TFT part is shown in 
rig, 14 in suoh a way that each corresponds to A- A.' cross section 
and B-B 1 cross section shown, in Fig. 13- deferring to Fig. 14(A), a 
silicon oxide film is manufactured at a thickness of 10Q0 to 
3000A as a Mocking layer 51 by magnetron RF(high frequency) 
sputtering, on the inexpensive glass substrate 50 that bears heat 
treatment of no more than 700 *C, e.g. approximately 500 *C, The 
conditions for the process are: 10CK oxygen atmosphere, formation 
temperature of 15 "C, output of 4 00 to 600 n* and pressure vis 
C.5?a. The formation rate using quarts or single crystalline 
silicon as a target was 30 to ICOA/min. 

A silicon film was then formed thereon by LPCVD(low pressure 
chemical vapor deposition) , sputtering, or by plasma cyd, When 
the low pressure chemical vapor deposition was employed, film 
formation was carried out by supplying disilane (si^Hg) or 
trisiiane (Si^Hg) to a CVD device, at a temperature of 450 to 550 
*C, 100 to 200 *C lower than the temperature fcr crystallization, 
e.g. at 530 *c. The pressure in a reactor was 30 to 300Pa» 
while the film formation rate was 50 to 250A/min. Boron may be 
added to the film using diborane at a concentration of 1 x 10*^ 
to I x 10 ls atomS'Cin" 3 1 during the manufacture thereof, in order 
to control the threshold voltages (Vth) for fu? and ntft almost 
oT the same. 

In the oase of the silicon film formation by sput/tering, the 
baeic pressure fcerore sputtering vras not more than 1 x 10~ 5 Fa, and 
the formation vas carried out in the atmosphere comprising 20 to 
soac of hydrogen mixed with argon; e.g. argon Z0% and hydrogen 
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809$, using single crystalline silicon as a target. The formation 
temperature v&s 150 *c, and the frequency or high frequency power 
applied thereto vas 13,3 0MHz, sputtering output was 400 to 800W, 
and the pressure vis O.SPa. 

Silicon film formation by plasma GVD vas carried out at « 
temperature of, for example, 300 *C, using mono-silane(SiH 4 ) or 
disilane(Si 2 H s ) , which were introduced in a ?CVD device, and high 
frequency power of 13,56MHz was applied thereto, so as to carry 
cut film formation. 

Oxygen in the film formed by these methods is preferably not 
mcro *h*n 5 x l0 21 cnT 3 . if tns oxygen concentration is too high* 
crystallization is hard to ccour, and the temperature of thermal 
annealing has to be elevated, ' or else, the time of thermal 
annealing has to be longer. If the concentration is too low, the 
leakage current in an OFF state is increased due to the back 
light, For that reason, the concentration range was defined from 
4 x 10 19 to 4 x l0 21 atoms-cm" 3 » Hydrogen concentration was 4 x 
10 20 atomS 4 cnr 3 , or one atom* compared to the silicon of 4 x 
10 22 atoms'cm" 3 , 

After a silicon film is amorphous state "was manufactured at 
a thickness of 500 to 5000A, e.g« at 1500 A, in the manner 
described above, middle temperature heat treatment was carried 
out in a non-oxidating atmosphere at a temperature of 450 to 700 
-*C, for 12 to 70 hour*, for example, the film was maintained at a 
temperature of 800 *C in a hydrogen atmosphere. Since the silicon 
oxide film is amorphous structure is formed on the substrate 
surface under the silicon film, a specific nucleus dees' not exist 
due to the heat treatment, and the entire body Is uniformly 
thermal -annealed. Namely, amorphous structure is retained during 
the manufacture of the film, and hydrogen is simply mixed 
therein. 

The silicon film was transformed from the amorphous 
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structure into the state of higher order, through tbe annealing, 
with a. part thereof being crystallised, la particular, & 
. relatively higher ordar region of the silicon coated film tends 
to b« crystallized into a crystalline region by the annealing. 
However, silicon atom are pulled with each other since bonds are 
formed between such regions by silicon atoms existing 
therebetween. Laser Raman Spectroscopy results show a peai 
shifted to the frequency lower than the single crystal silicon 
peas of SZZcnT*-, The apparent grain diameter thereof is 
caloulatod 50-500A, based on a half band width, seemingly like 
tiia case of a micro-crystal 4 however, actually, a film in semi- 
amorphous structure was formed including therein high crystalline 
regions constituting a cluster structure, clusters being anchored 
to each other by bonds between silicon atoms. 

As a result, it can be said that substantially no GB exits 
in tiie film. Since carriars can easily move between each cluster 
through tue anchored portions, mobility higher than that of 
polycrystalline silicon in whicfc GB enviously exists, is 
obtained. Kamely, Hall mobility (jih) of 10 to 200cm 2 /Veec, 
electron mobility (lie) of 15 to SOOcm^/Vsac can be obtained. 

tfhen polycrystallization of the film is carried out by high 
temperature annealing process at 900-1200 *C, instead of the 
above-mentioned middle temperature annealing process, 
segregation or impurities in the film occurs due to rne solid 
growth from nucleus, whereby impurities such as oxygen, carbon, 
nitrogan are increased in the QB, and, although the mobility in 
crystal is higher, the movement of carriers is hindered by a 
barrier formed toy the GB, Consequently, the mobility no less than 
ic cm /Vsec cannot, be achieved in practice. From that reason, the 
silicon semiconductor having semi -amorphous or semi-cry 3 talline 
structure is used in this embodiment* 

Referring to Fig. 14 (A), a silicon film is photo-etched by a 
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fir«t photomask P14, and a region 13 {channel width of 20um for 
N7TT was manufactured on the side of the A-A' cross section shovn 
in tha figure, while & region 22 for ?T?T on the side of B-B' 
cross section, 

A silicon oxide film was formed thereon at a thickness of 
300 to 2000A, e.g. at 1000A, as a gat© insulating film. The 
as.nufaotu.ro thereof was carried out under the same conditions for 
those applied for ths menufaoture of tho silicon oxide xilm as a 
blocking lajrer* A small amount of fluorine may be add-d during 
the manufacture thereof, so as to stabilise sodium ion. 

On the upper surface thereof, a silicon film doped with 
phosphorus at 1 tc 5 x 10 21 atoms-cit" 13 , or a multi- layered film 
comprising this silicon film and molybdenum (Wo), tungsten (W) , 
MoSi2 or tllm formed thereupon, was formed, which vac than 

subjected to a patterning process using a second photomask F15, 
and tna structure shown in Pig. 14(B) va.s thereby obtained, A gate 
electrode 9 for MTFT," as well as a gate electrode 21 for FTF7 
were formed, in tnis embodiment, as a sate electrode P-doped Si 
cf 0-2ujb and molybdenum of 0,3um thereon were formed and channel 
length of tbe MTFT was 10 um and channel length of the PTFT was 
.7yn. Referring to Fig.l4(C), boron vas ion-doped at a dose of 1 
to 5 x 10 15 cm" 2 j to a source is and a drain 20 fcr FTFT. 
Referring to Fig, 14(D)* then, a photoresist 61 wa3 formad using a 
photomask Pis » Phosphorus was ion-doped at a dose of 1 to 5 X 
10 15 c'm" a ( *s a source 10 and a drain 12 for NTFT . 

in the case aluminum (Al) is used as a -ate electrode 
material, after patterning the sate electrode material by a 
second photomask Flo, anodic oxidation ean be applied to the 
surface thereof. In this case, a self -aligning process can be 
employed, whereby the contact hole of a source and drain can be 
formed closer to the gate, and the tft characteristic can be 
further improved thereby, dus to the improved mobility as wall as 
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the reduction in threshold voitaga. 

Thermal annealing process vaa again carried out at eco *c, 
* tor 10 to 80 hours. By activating impurities, a source 10, a 
drain 12 of NT?T and a source IB, a drain ao of PT?T were 
manufactured as type and N* type* Channel forming regions 19, 
11 are formed as semi-amorphous semiconductors , under gate 
electrodes 21, 9, 

In this way. C/TFT can he manufactured without elevating the 
temperature not less than ?co *c in every process » 

Therefore, it is not necessary to use an expensive material 
such as quartz for the substrate, and this is a most suitable 
process for manufacturing the wide-screen liquid crystal display 
device in accordance witn the present invention. 

The thermal annealing prooesa was carried cut tvice in this 
embodiment, as shown in Tig* 14 (A), (D). However, the annealing 
process shewn in Fig. 14(A) may be emitted dependent upon the 
desired characteristics, and the manufacturing time can be 
Shortened by replacing these two annealing processes with only 
one annealing process shown in Fig. 14(D). 

Sof erring to Fig« 14(E)* a silicon oxide film 65 was formed 
as an inter layer insulating film by sputtering as described 
supra. The silicon oxide rilm can be forasd by LPCVD, photo-CVD, 
or by atmospheric pressure CVD. The thickness thereof vas, for 
example, o*a to o,$pm. Thereafter, an opening 86 for electrode 
vas formed using a photomask PI 7, Aluminum was then sputtered on 
the surface of the entire structure, as shown in Fig.l4<?) f and 
after a lead 71 as *ell as a contact 72 was manufactured using a 
photomask Pie, an organic resin S3 for flattening, for example, a 
translucent pclyimide resin was applied to and formed on ths 
surface thereof, and an opening for electrode was formed again by 
a photomask PIS. 

An ITO (indium tin oxide) was formed by sputtering, SO as to 
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torn tva TFT 8 ia a complementary structure, aad to coaaect the 
output terminal thereof to one picture element electrode of the 
liquid crystal device, as a transparent electrode- It va< thea 
etched using a photomask ?20, and an electrode 17 vas formed 
thareby. Tha ITO was formed at a temperature ranging fron room 
temperature to 150 'C and then annealed at 2C0 to 400 *C in oxygen 
or atmosphere- The electric characteristics of the TFT theraby 
obtained were: mobility of 20<om 2 /Vsac) , vth ct -5.9<V) for PTFT; 
and mobility ct 4Q(cm 2 /vsec), and Vth of 3.0{V) for NTFT , 

In this manner, one substrate for the liquid crystal device 
was manufactured, The arrangement of the electrode, etc., of the 
liquid crystal display device is shovn in rig. 13. NTFT 13 and 
PTFT 22 were provided on the intersection of a first signal lias 

3 and a second signal line 4, whereby tha device has a inatrix 
form using C/TFT. NTFT 13 is connected to the second =i*aal line 

4 through the contact of the input terminal of a drain 10, vnile 
a gate $ is connected to the signal line 3 farming a multi- 
layered wiring, The output terminal of a source 12 is connected 
to an electrode 17 of tha picture element through a contact « 

On the other hand* regarding FTPT 22, the input terminal of 
a drain 20 is conneoted to the second signal line 4 through a 
ocntact, while a gate 21 is connected to the signal lins 3, and 
the output terminal of a source 18, to the picture element 
electrode 17 through a contact, in the same manner as HTFT • This 
embodiment is formed by repeating such a structure horizontally 
and vertically. 

An ITO (indium tin oxide) was then formed by sputtering on 
the soda-lims glass plate on which a silicon oxide film was 
?arraefi by sputtering at a thickness of 2000A. Tha ITO vas formed 
at a temperature ranging from room temperature to 150 *C, and was 
subjected to the annealing process at 200 to 300 B C in oxygen or 
atmosphere, A ccicr filter layer was then formed thereon in the 
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same Banner as described in the Preferred Smbcdiraent 1 to obtain 
* second zuBStrate. 

A polyimide precursor vas then printed on the substrates by 
an offset method, and vas baked in a non-oridaticn atmosphere, 
e.g. in nitrogen, for an hour, at a temperature of 350 *c. It 
vas then subjected to a known rubbing method, so as to change the 
surface condition of rite polyimide, and a means to allow far a 
liquid crystal molecule to be oriented in a certain direction at 
least in the initial stag© was provided, 

The namatic liquid crystal composition vas sandwiched by the 
first ana the second substrates as described above, after fixing 
the periphery of the first and second substrates by en epoxy 
adhesive. Since the pitch of the leads on the substrate was as 
fine as 46ixm, connection was made by a COG method, in this 
embodiment, a gold bump provided on an IC cfcip was connected, by 
an epoxy silver palladium, and the IC chip and the substrata were 
buried and fixed br epoxy mstamorphic acrylic resin for 
solidification and the sealing of these. A polarising plate vas 
then attacbec to the outside thereof, and a transmission type 
liquid crystal display device vas obtained. 

The driving waveform, used in this embodiment is shown in 
Fig. 15, In this embodiment , a raiap wave is used as shown in 
Fig, 15". Formation of a ramp wave is easy and it is easy to 
convert original gradation data into 4t in tns ramp wave* Fig. 16 
shows a view find*r in accordance with this embodiment and a 
video ' camera utilizing the view finder. The video camera 

comprises the eicctro-cptical device 370 manufactured in the 
manner described supra and a cold cathode tube. 371 having flat 
emission* 

when an analogue gradation display is carried out in a 
normal mode for the electrc-optical device comprising, for 
example, 49,152 pairs of TFTs of 384 x 12a dots formed into a 

2$ 



SOoun square (which la obtained by dividing a substrata of 300 nm 
aquaro into 3« pieces), the variation in TTTs characteristics is 
±10% as a whole, and a gradation display having is gradation 
levels is thus an upper lixcix, whereas, when a digital gradation 
display is carried out in accordance vith the present invention, 
it is hardly af reeled by the variation in TTTs characteristics, 
ana a gradation display having 12a gradation levels is thereby 
possible, while various and subtle expression of 2,097,153 kinds 
of colors is achieved in a color display mode. 

Preferred Embodiment 3 

In this embodiment, a projection type image display device 
as shown in Fig. 17 will be explains! . 

In this, embodiment , the image projecting part for tne 
projection type image display device was assembled by three 
oleetro-optical devices 201. Each of devices 201 has a 640 x 4S0 
dots, and 307,200 pioture elements were manufactured in a 
four- inch diagonal: the size per one picture element vas 127jim 
square. 

AS the Structure ot the projection type image display 
device, the electro-optical devices 20 1 v*re installed by 
dividing into three elementary colors of red» green, and bluet it 
comprises a red filter 208, a green filter 203, a blue 
filter 204, a reflecting plate 205, prism mirrors 206, 207, a 
metal haiida light source 20S cf 150V, and an optical system 209 
for focusing. 

rh* substrate of the electro-optical device in accordance 
with this embodiment was the sasia as that manufactured in the 
manner described in the Preferred Embodiment s, and has a matrix 
circuit or C/M03 structure. The liquid crystal material used in 
this ©inboditnsnt was cf dispersion type or polymer dispersion 
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type. 

A tchtnitic diagram Is anown In Fig* 13. A mixture 
comprising a fuaaric acid polymer reain end a nomatic liquid 
orystai at a ratio of 85 :35 nixed in a ccasnon solvent of xylene 
was ronaed on the substrate 210 at a thickness of IC^im by a did- 
cast method. Than, the solvent was removed in nitrogen 
atmosphere at a temperature of 120 *C, for 180 minutes, and a 
liquid crystal dispersicn layer 211 was formed thereby. Conduct 
time can be shortened by reducing the pressure slightly lower 
than atmosphere. 

An ITO< indium tin oxide film) was forced by sputtering, so 
as to obtain a counter eleotrode 215. The ITO was formed at a 
temperatura ranging from room temperature to ISO *C. A 
translucent silicon resin was applied thereon at a thickness of 
SCum, by printing, and was baked for thirty minutes at 100 *C, so 
as to obtain the electro-optical device. 

The driving IC used in this embodiment is shown in Jig. 19, 
The structure of the information electrode side is the same as 
described in the Preferred Embodiment i. In a driving circuit 400 
connected to the wirings 405, 407 on scanning side, the ._romp 
wave transmitted from a ramp wave oscillating circuit £05 is 
controlled ny flip flop circuits 403 1 4C4 of a clock CLX 406, and 
a select signal is added thereto, 

A gradation display is possible by digitally controlling the 
timing for cutting the ramp wave on the side of a scanning line 
by a' bipolar pulse on the side of an information line. 

Tor example, when a gradaticn display is performed in a 
normal analogue mode for the electro-optical device comprising 
307,200 pairs of T?Ts of 5*0 x 480 dots formed in 300mm square, 
IS gradation levels are an upper limit due to tie variation in 
TPT characteristics or approximately ±10X. In the case of digital 
gradation display in aooordance with tha present invention. 



37 



however, since it ia Hardly affected by the variation in 
characteristics cf T?T devioea, a gradation display baring 25« 
gradation levels is possible, while a Tarious and aubtla display 
4 at as many as 15,777,210 kinds of colors is possible. 

The electro-optical device can be applied not only to a 
front type projection television as illustrated in Fig. IT, but 
also to a rear type projection television. 

Preferred Embodiment 4 

in this embodiment, an electro-optical device for portable 
computer was manufactured us ins a reflection type liquid crystal 
dispersion display device as shown in Sig.20, and the explanation 
thereof will be herein made: 

The first substrate used in this embodiment vas the same as 
that manufactured in the process in accordance with the Preferred 
Embodiment 1. A nematic liquid crystal and a ftxraaric acid polyraer 
resin mixed therein 16% of a niaci pigment at a ratio of 36 : 65 
wsro dissolves in a common solvent of xylene. The solution vas 
applied on the substrate 210, at a thickness of lOpw, by a die- 
cast method. The solvent vas then removed in nitrogen atmosphere 
at 120 *C t for 180 minutes, and a liquid crystal dispersion layer 
211 >ras formed thereby. 

as the black pigment is used therein, black color appears at 
the time of light scattering or at the time of application of no 
electric field, while white color is displayed in a transmission 
state or at the time of application of electric field, whereby a 
fiat display that vas difficult fcr a dispersion type liquid 
crystal display is possible lite that of the letter written on a 
sheet of paper. 

An ITO( indium tin oxide film) was then formed by sputtering, 
so as to obtain a counter electrode 212. The ITO was formed at a 
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temperature ranging rrcm room temperature to 150 *C. a white- 
colored silicon resin was applied theraon at a thickness of 55p», 
by printing, and va$ baked for ninety minutes at a temperature of 

loo *C, so as to obtain the electro-optical device. 

As a modification of this embodiment f no black pigment was 
contained in the liquid crystal dispersion layer 211. In this 
case, the rear surface has to be mads blade. in this case, white 
colcr appears at i:hs time of light scattering, vhile blaok color 
is displayed in a transmission state, A flat display vas passible 
liJco that of tna letter written on a sheet of paper. 

Preferred Embodiment 5 

In this embodiment, an electro-optical device provided with 
modified transfer gate TFT» in complementary structure for one 
picture element vas manufactured by anodic oxidation technique, 
ss snown in Fi£,21, The manufacture of the TFT a in accordance 
with this embodiment is basically the sama as that in accordance 
with the first preferred embodiment, and its processes proceed 
almost in the same manner as ehovn in 7ig,7, however, since the 
anodic oxidation technique was employed as mentioned above*" 
metallic material vas used as a gate electrode material, so as to 
utilize the anodic oxidation rilra thereof as a part of an 
insulating film, whereby manufacturing process was slightly 
changed. 

■Referring to Jig. 21, PTFT 95 and N7PT 96 are oonneoted to a 
common gate wiring 107 at gats rarrninals thereof, and one of 
source and drain regions of the P7?7 and one of source and drain 
regions of the NTPT are connected together and connected to the 
other signal line 102. The other one of the source and drain 
regions of the NT?T are connected to a common picture eleiaent 
electrode 108. 
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Referring to Tigs. 22(A) to 22{G), a silicon oxide film as a 
blocking layer 95 was manufactured, on the glass eubstrat* 08, at 
a thickness of 100C to 30OOA, by magnetron (high freauency) 
sputtering. The conditions for the process are; 100% oxygeh 
atmosphere, film formation temperature of IB "C, output of 400 to 
BOOW, and the pressure cf O.SPa. The film formation rate was 30 
to 100 A/min. ueing quartz or single crystalline silicon as a 
tar got. 

A silicon film $7 was formed therecn by LPCVD (low pressure 
chemical vapor deposition), sputtering, cr by plasma cvd. 

Referring to Fig. 22(A), the silicon film was photo-etched 
using a first photomask ?21, and a ragion for PT7T was 
manufactured on the left hand aide of the figure, as veil as that 
for NTTT on the right hand side thereof. 

A silicon oxide film as sl gate insulating film 103 was 
formed theroon at a thickness cf 500 to 20OOA, e.g. at 700A« The 
manufacture thereof vas carrisa out under the same conditions 
employed for the silicon oxide film 99 a3 a blocking layer. 

Th© alley cf aluminum and silicon was formed thereon as a 
material for a gate electrode iot, at a thickness cf 3000A to 
1.5pm, e.g. at ipjn, by a known sputtering method. 

As the material for the gate electrode beside aluminum 
filicide, molyhdsnum CMC) > tungsten (W) , titan QTI), tantalum 
(Ta) t chromium (Cr) , or an alloy of these material or an alloy of 
silicon and those material, or a multi-layorod filns comprising a 
silicon layer and a layer of xhoca -metal can be used. 

Further, a silicon oxide film was forced as an insulating 
film 106, at a thickness cf 3000A to 1pm, cr at 3000A in this 
embodiment , by sputtering } on the gate electrode material. Then, 
the insulating film 106 and the gaze electrode 107 vere 
subjected tio a patterning process using a second photomask F22, 
and tho gate electrode 10? as well « tiie insuiatins film 106 
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were formed as shown in Tlg.zz(B). 

The substrate was then dipped in an agw electrolytic 
solution it which propylene glycol was added to & of tartaric 
acid solution at a ratio of ftil, vhilo tha gate electrode of 
aluminum ailicide was connected to the anode of a power source, 
and dc power vas applied thereto vith platinum used as a cathode, 
Sach of -he gats eloctrodss vas connected to corresponding gate 
wiring- and all the gate wirings are connected by a terminal in 
uhe vicinity of an end part of the substrata and an anodic 
oxidation film ICC was forced in the vicinity of ths side surface 
or the gate electrode by anodic oxidation, as shown in Tlg.22£C). 

As the solution used for the anodic oxidation, typically, a 
strong acid solution such as sulfuric acid, nitric acid, 
phosphoric acid, or a jnixea acid such as tartaric acid or citrio 
acta mixed with ethylene glycol or. propylene glycol, can be used. 
Salt or alkali solution may bs mixed thereto, in order to adjust 
pa or xhe solution, wlteii required* 

The anodic oxidation was carried out as follows: after 
current was run &z the current density of 2.5niA/cjn s in a constant 
uwi-ci;t mode, for thirty minutes, then f1vp minutes of process in 
a constant voltage mode followed, so as to fcrra an aluminum oxide 
film of 2500A in the yicinity of the side surface of the £&te 
electrode. Whon the insulating characteristic of the aluminum 
oxide was measured using a earaple manufactured under the same 
conditions employed for this oxidation process, resistivity was 
10 9 ohm* meter* and dielectric strength was 2 x 10 6 v/cm. 

The observation of the surface of ths sample by a scanning 
electron microscope revealed unevenness on the surface in an 
approximately 8000 magnifying power mode, however, no fine hole 
was observed, which raeans the evidence of a good insulating film. 

After an insulating film 103 on the semiconductor was 
removed by etening as shown in Fig. 22(0), boron was ion- implanted 
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at a. dose of l to 5 x 10 J5 cm~ 2 a* an impurity ror ?T7T, on the 
entire eurface of th* sucstrate. The doping was carried out at a 
concentration of approximately 10 1 * atoma»cm~ a , mo aa to farm a 
source, drain ragion of FTTT* in this embodiment , ion doping was 
carried out arter the insulating film on the surface was removed, 
however, if the conditions for ion- implantation are changed, 
doping is possible through the insulating film 103 on the 
semiconductor film* 

A photoresist HO vas formed using a third photomask P23 as 
shown in Pig. 22(E), and after a PTJT region was covered 
therewith, phosphorus was ion- Implanted at a dose of 1 to 5 x 
10 la cm" 2 , to the aouroe and drain ragion Tor NTrT, 30 as to 
obtain a dope concentration of approximately lO^ Q atoms • ora - ^. In 
the icn doping process aa described abeva, the ion- implanting 
direction was 5«t oblique to the substrate, in order to allow for 
the impurity to penetrate into a portion of the semiconductor 
under the anodic oxidation mm in the vicinity of the gate 
electrode, so as to make the end of the source and drain regions 
104, 105 almost identical with the end of the gate electrode, 
Sufficient insulating function is thereby expected for an anodic 
oxidation filns 100 to an electrode wiring to be formed in a 
following process , and it is thus not neceaaary to form another 
insulating film. 

Activation process was carried out by irradiating a laser 
beam to the source and drain regions . - Since the activation 
process was carried out instantaneously, at the time, it is not 
necessary to consider the diffusion of the metallic material used 
for the gate electrode, ann TFT of high reliability was 
manuf ac t ur ed , 

Aluminum was formed on the entire surface thereof by 
cputtorizig, and after an electrode lead 102 was obtained by 
patterning using a fourth jnaslc P24, the semiconductor which does 
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not cvarlap vim an electrode 102, an insulating film 106 on the 
late electrode 107, and the snodic oxidation film 100 in the 
vicinity or turn side surface or the rate electrode 107 was etched 
off, and a complete device separation was carried out so as to 
complete ttt. in this manufacturing method, complementary TFTs 
were manufactured using four pieces cf masks, which is shown in 
Fig. 22(F). 

Referring tc Fig. 22(G), to achieve complementary 7F7s r and 
to connaot the output terminal thereof to one picture element 
electrode of the liquid crystal devioe as a transparent 
electrode, an IT0 (indium tin oxide film) was formed by 
sputtering, and was etched using a fifth photomask so as to 
form a picture elsment electrode 108. 

In this way, modified transfer gate TFTs having arrangement 
and structure as shown in Fig. 21(A), (B) , (C), vers completed. 
Fig. 21(B) is a cross sectional view corresponding to a 7-T 1 cross 
section shown in Fig. 31(A), while Fig, 21(C) is a cross sectional 
view corresponding to an E-E* cross section shown in Fig. 21(A) , 
As clearly shown in Fig. 2KB), (C), the interlayer insulating 
film 10S invariably exists on the gate electrode 107, and it 
vorss sufficiently as an interlayer insulating means ' at an 
intersection cf the lead part of a sate wiring 107 and that of a 
source or drain wiring 102, whereby the generation of wiring 
capacity at the intersection was able tc be suppressed. 

In this embodiment, complementary TFTs having structure in 
which the capacity in the vicinity - of wirings is less, and the 
foar or short-circuit in the vicinity of the gate insulating film 
is less could be formed using raaslcs fewer than those used in the 
first preferred embodiment, without employing a higher-grade 
process technique such as an anisotropic etching to provide an 
active elemont substrate. 

The substrate formed in the manner described above was used 
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a* a first substrate and a second substrate (oounter subatrate) 
was formed by foraing a counter electrode on & substrate and 
further forming an orientation control film thereon » The first 
and second substrates were joined with each other and an STN type 
liquid crystal was injected between the first and second 
substrate by a known technique. An active natrix type STN liquid 
crystal electro-optical device was then completed. 

The applications to th.e o lec t ro-opr.1 cal device were 
described in the Above examples, however, the present invention 
is not limited thereto and the application to othar devices cr to 
a tbraa-diTnonsional integrated circuit device, and so on, is also 
possible. 

The manufacture or TJT device was possible in this 
embodiment, using masks much fewer than thoea uzad in the 
conventional method. By applying the device of this structure to 
the manufacture of a semiconductor appliance, as th* number of 
mask was rsducsd, a manufacturing process was simplified and a 
production yield was improved, whereby a semiconductor 
application device vae offered at a mora inexpensive 
manufacturing cost. 

In this embodiment, the anodic oxidation film was formed on. 
the surface or the metal gate electrode by the anodic oxidation 
and a three-dimensional wiring having a grade separation was 
provided thereon which was U3ed for a gate electrode material, 
and which was provided on the surface thereof, Also, by exposing 
the contact part alcn* of a source and drain from the £&te 
electrode and the anodic oxidation film, a feeding point is mad* 
closer to the channal and thereby the deterioration in the 
frequency characteristic of the device, and the increase in ON 
resistance were prevented . 

In the case aluminum was used as a gate electrode material f 
as in this embodiment , H 2 ^ thd gate oxidation film was reduced 
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into K by the catalytic erract or aluainum. at tha time of 
annealing process during device foraetion, and an interracial 
level density ($ss^ wa * reduced much compared with the case a 
* silicon gate was used instead, and a device characteristic was 
thereby improved . 

Since source and drain regions of T?T vera self-aligned, and 
the contact part of the electrode fed tc the source and drain 
regions was also positioned in a self -aligning manner, the area, 
of the device required for T?T was reduced, and the circuit 
integration was improved thereby. When TTT was used as an active 
device of the electro-optical device, the aperture ratio of 
liquid crystal panel was increased. 

The anodic oxidation film in the vicinity of tha side 
surfaoe of the gate electrode was positively used, and TFT of 
characterized structure was offered thereby* and the manufacture 
of T?T could be carried out using tha fewest possible masks of at 
least two pieces. 

The foregoing description or preferred embodiments has been 
presented for purposes of illustration and description. It is 
not intended to be exhaustive or to limit the invention to the 
precise form described, and obviously many nsodif icatione and 
variations are possible in light of the above teaching. The 
embodiments were chosen in order to explain most clearly the 
principles of the invention and its practical application thereby 
tc enable others in the art tc utilize * most effectively the 
invention in various embodiments and with various xodifications 
as are suited to the particular use contemplated. Examples of 
such nodif ic at ions are as follows, 

The present invention can be applied to an electro-optical 
device bavins a circuit shown in Fig-, 33. The circuit is the same 
as that shown in rig. 4 except that a capacitor is provided on the 
sucstrate and. connected to each pixel in parallel with the liquid 
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crystal of the corxespondins pixel as enown in ri*.S3* 

A nematio liquid crystal* a cholesterie liquid crystal! & 
ferroaiecxrie liquid crystal or an anti-f erroelectric liquid 
crystal can be used for a liquid crystal layer provided between a 
pair of eubctrates in an electro-optical device of the present 
invention* 



WHAT IS CLAIMED IS: 



1 . A device having at least one liquid crystal panel, said liquid 
crystal panel comprising: 

a substrate having an insulating surface; 

5 at least one thin film transistor formed over said substrate, 

said thin film transistor including at least a channel region, source and drain 
regions with said channel region therebetween, a gate insulating film 
adjacent to said channel region, and a gate electrode adjacent to said 
channel region with said gate insulating film interposed therebetween; 

10 an organic rein film formed over said substrate to provide a 

leveled upper surface over said substrate, said organic resin film covering 
said thin film transistor; and 

a pixel electrode formed over said organic resin film, said 
pixel electrode being electrically connected to said thin film transistor 

15 through an opening formed in said organic resin film, 

wherein said channel region comprises crystal silicon and 
exhibits a peak of Raman spectra displaced from 522 cm" 1 to the low 
frequency direction. (Device + Raman shift) 

2. A device having at least one liquid crystal panel, said liquid 
20 crystal panel comprising: 

a substrate having an insulating surface; 

at least one thin film transistor formed over said substrate, 
said thin film transistor including at least a channel region, source and drain 
regions with said channel region therebetween, a gate insulating film 
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adjacent to said channel region, and a gate electrode adjacent to said 
channel region with said gate insulating film interposed therebetween; 

an organic rein film formed over said substrate to provide a 
leveled upper surface over said substrate, said organic resin film covering 
5 said thin film transistor; and 

a pixel electrode formed over said organic resin film, said 
pixel electrode being electrically connected to said thin film transistor 
through an opening formed in said organic resin film, 

wherein said channel region comprises crystal silicon and 
10 exhibits a peak of Raman spectra displaced from 522 cm" 1 to the low 
frequency direction and said channel region contains boron at a 
concentration of 1 x 10 15 to 1 x 10 18 atoms/cm 3 . (1 + boron concentration) 

3. A device having at least one liquid crystal panel, said liquid 
crystal panel comprising: 
15 a substrate having an insulating surface; 

at least one thin film transistor formed over said substrate, 
said thin film transistor including at least a channel region, source and drain 
regions with said channel region therebetween, a gate insulating film 
adjacent to said channel region, and a gate electrode adjacent to said 
20 channel region with said gate insulating film interposed therebetween; 

an organic rein film formed over said substrate to provide a 
leveled upper surface over said substrate, said organic resin film covering 
said thin film transistor; and 

a pixel electrode formed over said organic resin film, said 
25 pixel electrode being electrically connected to said thin film transistor 
through an opening formed in said organic resin film, 
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wherein said channel region comprises crystal silicon and 
exhibits a peak of Raman spectra displaced from 522 cm" 1 to the low 
frequency direction and said channel region contains oxygen at a 
concentration not higher than 7 x 10 19 atoms/cm 3 . (1 + oxygen 
concentration, support for oxygen concentration is page 20, line 19) 

4. A device having at least one liquid crystal panel, said liquid 
crystal panel comprising: 

a substrate having an insulating surface; 

at least one thin film transistor formed over said substrate, 
said thin film transistor including at least a channel region, source and drain 
regions with said channel region therebetween, a gate insulating film 
adjacent to said channel region, and a gate electrode adjacent to said 
channel region with said gate insulating film interposed therebetween; 

an interlayer insulating film covering said thin film transistor; 

a lead electrode comprising aluminum formed on said 
interlayer insulating film and electrically connected to one of the source or 
drain regions of said thin film transistor through a hole of said interlayer 
insulating film; 

an organic rein film formed over thin film transistor, said 
interlayer insulating film and said lead electrode to provide a leveled upper 
surface; and 

a pixel electrode formed over said organic resin film, said 
pixel electrode being electrically connected to said thin film transistor via 
said lead electrode, 

wherein said channel region comprises crystal silicon and 
exhibits a peak of Raman spectra displaced from 522 cm" 1 to the low 
frequency direction. (1 + lead electrode comprising aluminum) 
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5. A device having at least one liquid crystal panel, said liquid 
crystal panel comprising: 

a substrate having an insulating surface; 

at least one thin film transistor formed over said substrate, 
5 said thin film transistor including at least a channel region, source and drain 
regions with said channel region therebetween, a gate insulating film 
adjacent to said channel region, and a gate electrode adjacent to said 
channel region with said gate insulating film interposed therebetween; 

an organic rein film formed over said substrate to provide a 
10 leveled upper surface over said substrate, said organic resin film covering 
said thin film transistor; and 

a pixel electrode formed over said organic resin film, said 
pixel electrode being electrically connected to said thin film transistor 
through an opening formed in said organic resin film, 
1 5 wherein said channel region comprises crystal silicon of which 

apparent grain diameter calculated based on half- width of Raman spectra 
is 50 to 500A. (1 + Raman grain size) 

6. A television comprising: 

a tuner for receiving television radio wave; 
20 a liquid crystal panel operationally connected to said tuner, 

said liquid crystal panel comprising: 

a substrate having an insulating surface; 
at least one thin film transistor formed over said substrate, 
said thin film transistor including at least a channel region, source and drain 
25 regions with said channel region therebetween, a gate insulating film 
adjacent to said channel region, and a gate electrode adjacent to said 
channel region with said gate insulating film interposed therebetween; 
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an organic rein film formed over said substrate to provide a 
leveled upper surface over said substrate, said organic resin film covering 
said thin film transistor; and 

a pixel electrode formed over said organic resin film, said 
5 pixel electrode being electrically connected to said thin film transistor 
through an opening formed in said organic resin film, 

wherein said channel region comprises crystal silicon and 
exhibits a peak of Raman spectra displaced from 522 cm" 1 to the low 
frequency direction. (TV + Raman shift) 

10 7. A television comprising: 

a tuner for receiving television radio wave; 
a liquid crystal panel operationally connected to said tuner, 
said liquid crystal panel comprising: 

a substrate having an insulating surface; 
15 at least one thin film transistor formed over said substrate, 

said thin film transistor including at least a channel region, source and drain 
regions with said channel region therebetween, a gate insulating film 
adjacent to said channel region, and a gate electrode adjacent to said 
channel region with said gate insulating film interposed therebetween; 
20 an organic rein film formed over said substrate to provide a 

leveled upper surface over said substrate, said organic resin film covering 
said thin film transistor; and 

a pixel electrode formed over said organic resin film, said 
pixel electrode being electrically connected to said thin film transistor 
25 through an opening formed in said organic resin film, 

wherein said channel region comprises crystal silicon and 
exhibits a peak of Raman spectra displaced from 522 cm" 1 to the low 
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frequency direction and said channel region contains boron at a 
concentration of 1 x 10 15 to 1 x 10 18 atoms/cm 3 . (6 + boron concentration) 

8. A television comprising: 

a tuner for receiving television radio wave; 
5 a liquid crystal panel operationally connected to said tuner, 

said liquid crystal panel comprising: 

a substrate having an insulating surface; 
at least one thin film transistor formed over said substrate, 
said thin film transistor including at least a channel region, source and drain 
10 regions with said channel region therebetween, a gate insulating film 
adjacent to said channel region, and a gate electrode adjacent to said 
channel region with said gate insulating film interposed therebetween; 

an organic rein film formed over said substrate to provide a 
leveled upper surface over said substrate, said organic resin film covering 
15 said thin film transistor; and 

a pixel electrode formed over said organic resin film, said 
pixel electrode being electrically connected to said thin film transistor 
through an opening formed in said organic resin film, 

wherein said channel region comprises crystal silicon and 
20 exhibits a peak of Raman spectra displaced from 522 cm" 1 to the low 
frequency direction and said channel region contains oxygen at a 
concentration not higher than 7 x 10 19 atoms/cm 3 . (6+ oxygen 
concentration) 

9. A television comprising: 
25 a tuner for receiving television radio wave; 
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a liquid crystal panel operationally connected to said tuner, 
said liquid crystal panel comprising: 

a substrate having an insulating surface; 

at least one thin film transistor formed over said substrate, 
said thin film transistor including at least a channel region, source and drain 
regions with said channel region therebetween, a gate insulating film 
adjacent to said channel region, and a gate electrode adjacent to said 
channel region with said gate insulating film interposed therebetween; 

an interlayer insulating film covering said thin film transistor; 

a lead electrode comprising aluminum formed on said 
interlayer insulating film and electrically connected to one of the source or 
drain regions of said thin film transistor through a hole of said interlayer 
insulating film; 

an organic rein film formed over thin film transistor, said 
interlayer insulating film and said lead electrode to provide a leveled upper 
surface; and 

a pixel electrode formed over said organic resin film, said 
pixel electrode being electrically connected to said thin film transistor via 
said lead electrode, 

wherein said channel region comprises crystal silicon and 
exhibits a peak of Raman spectra displaced from 522 cm" 1 to the low 
frequency direction. (6 + lead electrode comprising aluminum) 

10. A television comprising: 

a tuner for receiving television radio wave; 
a liquid crystal panel operationally connected to said tuner, 
said liquid crystal panel comprising: 

a substrate having an insulating surface; 
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at least one thin film transistor formed over said substrate, 
said thin film transistor including at least a channel region, source and drain 
regions with said channel region therebetween, a gate insulating film 
adjacent to said channel region, and a gate electrode adjacent to said 
channel region with said gate insulating film interposed therebetween; 

an organic rein film formed over said substrate to provide a 
leveled upper surface over said substrate, said organic resin film covering 
said thin film transistor; and 

a pixel electrode formed over said organic resin film, said 
pixel electrode being electrically connected to said thin film transistor 
through an opening formed in said organic resin film, 

wherein said channel region comprises crystal silicon of which 
apparent grain diameter calculated based on half- width of Raman spectra 
is 50 to 500A. (6 + Raman grain size) 

11. A portable computer having a liquid crystal panel, said liquid 
crystal panel comprising: 

a substrate having an insulating surface; 

at least one thin film transistor formed over said substrate, 
said thin film transistor including at least a channel region, source and drain 
regions with said channel region therebetween, a gate insulating film 
adjacent to said channel region, and a gate electrode adjacent to said 
channel region with said gate insulating film interposed therebetween; 

an organic rein film formed over said substrate to provide a 
leveled upper surface over said substrate, said organic resin film covering 
said thin film transistor; and 
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a pixel electrode formed over said organic resin film, said 
pixel electrode being electrically connected to said thin film transistor 
through an opening formed in said organic resin film, 

wherein said channel region comprises crystal silicon and 
5 exhibits a peak of Raman spectra displaced from 522 cm" 1 to the low 
frequency direction, (portable computer + Raman shift) 

12. A portable computer having a liquid crystal panel, said liquid 
crystal panel comprising: 

a substrate having an insulating surface; 
10 at least one thin film transistor formed over said substrate, 

said thin film transistor including at least a channel region, source and drain 
regions with said channel region therebetween, a gate insulating film 
adjacent to said channel region, and a gate electrode adjacent to said 
channel region with said gate insulating film interposed therebetween; 
15 an organic rein film formed over said substrate to provide a 

leveled upper surface over said substrate, said organic resin film covering 
said thin film transistor; and 

a pixel electrode formed over said organic resin film, said 
pixel electrode being electrically connected to said thin film transistor 
20 through an opening formed in said organic resin film, 

wherein said channel region comprises crystal silicon and 
exhibits a peak of Raman spectra displaced from 522 cm" 1 to the low 
frequency direction and said channel region contains boron at a 
concentration of 1 x 10 15 to 1 x 10 18 atoms/cm 3 . (11 + boron concentration) 

25 13. A portable computer having a liquid crystal panel, said liquid 

crystal panel comprising: 
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a substrate having an insulating surface; 

at least one thin film transistor formed over said substrate, 
said thin film transistor including at least a channel region, source and drain 
regions with said channel region therebetween, a gate insulating film 
5 adjacent to said channel region, and a gate electrode adjacent to said 
channel region with said gate insulating film interposed therebetween; 

an organic rein film formed over said substrate to provide a 
leveled upper surface over said substrate, said organic resin film covering 
said thin film transistor; and 
10 a pixel electrode formed over said organic resin film, said 

pixel electrode being electrically connected to said thin film transistor 
through an opening formed in said organic resin film, 

wherein said channel region comprises crystal silicon and 
exhibits a peak of Raman spectra displaced from 522 cm" 1 to the low 
15 frequency direction and said channel region contains oxygen at a 
concentration not higher than 7 x 10 19 atoms/cm 3 . (11 + oxygen 
concentration, support for oxygen concentration is page 20, line 19) 

14. A portable computer having a liquid crystal panel, said liquid 
crystal panel comprising: 
20 a substrate having an insulating surface; 

at least one thin film transistor formed over said substrate, 
said thin film transistor including at least a channel region, source and drain 
regions with said channel region therebetween, a gate insulating film 
adjacent to said channel region, and a gate electrode adjacent to said 
25 channel region with said gate insulating film interposed therebetween; 

an interlayer insulating film covering said thin film transistor; 
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a lead electrode comprising aluminum formed on said 
interlayer insulating film and electrically connected to one of the source or 
drain regions of said thin film transistor through a hole of said interlayer 
insulating film; 

5 an organic rein film formed over thin film transistor, said 

interlayer insulating film and said lead electrode to provide a leveled upper 
surface; and 

a pixel electrode formed over said organic resin film, said 
pixel electrode being electrically connected to said thin film transistor via 
10 said lead electrode, 

wherein said channel region comprises crystal silicon and 
exhibits a peak of Raman spectra displaced from 522 cm' 1 to the low 
frequency direction. (11 + lead electrode comprising aluminum) 

15. A portable computer having a liquid crystal panel, said liquid 
1 5 crystal panel comprising: 

a substrate having an insulating surface; 
at least one thin film transistor formed over said substrate, 
said thin film transistor including at least a channel region, source and drain 
regions with said channel region therebetween, a gate insulating film 
20 adjacent to said channel region, and a gate electrode adjacent to said 
channel region with said gate insulating film interposed therebetween; 

an organic rein film formed over said substrate to provide a 
leveled upper surface over said substrate, said organic resin film covering 
said thin film transistor; and 
25 a pixel electrode formed over said organic resin film, said 

pixel electrode being electrically connected to said thin film transistor 
through an opening formed in said organic resin film, 
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wherein said channel region comprises crystal silicon of which 
apparent grain diameter calculated based on half-width of Raman spectra 
is 50 to 500A. (11 + Raman grain size) 



16. A device computer having a liquid crystal panel, said liquid 
5 crystal panel comprising: 

a first substrate having an insulating surface; 
at least one thin film transistor formed over said substrate, 
said thin film transistor including at least a channel region, source and drain 
regions with said channel region therebetween, a gate insulating film 
10 adjacent to said channel region, and a gate electrode adjacent to said 
channel region with said gate insulating film interposed therebetween; 

an organic rein film formed over said substrate to provide a 
leveled upper surface over said substrate, said organic resin film covering 
said thin film transistor; 
15 a pixel electrode formed over said organic resin film, said 

pixel electrode being electrically connected to said thin film transistor 
through an opening formed in said organic resin film; 

a second substrate opposed to said first substrate with a liquid 
crystal material interposed therebetween; 
20 a black stripe formed on said second substrate; 

an organic leveling film covering said color filter over said 
second substrate; 

a transparent conductive film formed on said organic leveling 

film; and 

25 an orientation film formed on said transparent conductive film. 

17. A television comprising: 
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a tuner for receiving television radio wave; 
a liquid crystal panel operationally connected to said tuner, 
said liquid crystal panel comprising: 

a first substrate having an insulating surface; 
at least one thin film transistor formed over said substrate, 
said thin film transistor including at least a channel region, source and drain 
regions with said channel region therebetween, a gate insulating film 
adjacent to said channel region, and a gate electrode adjacent to said 
channel region with said gate insulating film interposed therebetween; 

an organic rein film formed over said substrate to provide a 
leveled upper surface over said substrate, said organic resin film covering 
said thin film transistor; 

a pixel electrode formed over said organic resin film, said 
pixel electrode being electrically connected to said thin film transistor 
through an opening formed in said organic resin film; 

a second substrate opposed to said first substrate with a liquid 
crystal material interposed therebetween; 

a black stripe formed on said second substrate; 

an organic leveling film covering said color filter over said 

second substrate; 

a transparent conductive film formed on said organic leveling 

film; and 

an orientation film formed on said transparent conductive film. 

18. A device having at least one flat panel display, said flat panel 
display comprising: 

a substrate having an insulating surface; 
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at least one thin film transistor formed over said substrate, 
said thin film transistor including at least a channel region, source and drain 
regions with said channel region therebetween, a gate insulating film 
adjacent to said channel region, and a gate electrode adjacent to said 
channel region with said gate insulating film interposed therebetween; 

an organic rein film formed over said substrate to provide a 
leveled upper surface over said substrate, said organic resin film covering 
said thin film transistor; and 

a pixel electrode formed over said organic resin film, said 
pixel electrode being electrically connected to said thin film transistor 
through an opening formed in said organic resin film, 

wherein said channel region comprises crystal silicon and 
exhibits a peak of Raman spectra displaced from 522 cm" 1 to the low 
frequency direction. (1 - LCD) 

19. A device having at least one flat panel display, said flat panel 
display comprising: 

a substrate having an insulating surface; 

at least one thin film transistor formed over said substrate, 
said thin film transistor including at least a channel region, source and drain 
regions with said channel region therebetween, a gate insulating film 
adjacent to said channel region, and a gate electrode adjacent to said 
channel region with said gate insulating film interposed therebetween; 

an organic rein film formed over said substrate to provide a 
leveled upper surface over said substrate, said organic resin film covering 
said thin film transistor; and 
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a pixel electrode formed over said organic resin film, said 
pixel electrode being electrically connected to said thin film transistor 
through an opening formed in said organic resin film, 

wherein said channel region comprises crystal silicon and 
exhibits a peak of Raman spectra displaced from 522 cm 1 to the low 
frequency direction and said channel region contains boron at a 
concentration of 1 x 10 15 to 1 x 10 18 atoms/cm 3 . (2- LCD) 

20. A device having at least one flat panel display, said flat panel 
display comprising: 

a substrate having an insulating surface; 

at least one thin film transistor formed over said substrate, 
said thin film transistor including at least a channel region, source and drain 
regions with said channel region therebetween, a gate insulating film 
adjacent to said channel region, and a gate electrode adjacent to said 
channel region with said gate insulating film interposed therebetween; 

an interlayer insulating film covering said thin film transistor; 

a lead electrode comprising aluminum formed on said 
interlayer insulating film and electrically connected to one of the source or 
drain regions of said thin film transistor through a hole of said interlayer 
insulating film; 

an organic rein film formed over thin film transistor, said 
interlayer insulating film and said lead electrode to provide a leveled upper 
surface; and 

a pixel electrode formed over said organic resin film, said 
pixel electrode being electrically connected to said thin film transistor via 
said lead electrode, 
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wherein said channel region comprises crystal silicon and 
exhibits a peak of Raman spectra displaced from 522 cm -1 to the low 
frequency direction. (4- LCD) 

21. A portable computer having at least one flat panel display, 
said flat panel display comprising: 

a substrate having an insulating surface; 

at least one thin film transistor formed over said substrate, 
said thin film transistor including at least a channel region, source and drain 
regions with said channel region therebetween, a gate insulating film 
adjacent to said channel region, and a gate electrode adjacent to said 
channel region with said gate insulating film interposed therebetween; 

an organic rein film formed over said substrate to provide a 
leveled upper surface over said substrate, said organic resin film covering 
said thin film transistor; and 

a pixel electrode formed over said organic resin film, said 
pixel electrode being electrically connected to said thin film transistor 
through an opening formed in said organic resin film, 

wherein said channel region comprises crystal silicon and 
exhibits a peak of Raman spectra displaced from 522 cm 1 to the low 
frequency direction and said channel region contains boron at a 
concentration of 1 x 10 15 to 1 x 10 18 atoms/cm 3 . (12- LCD) 
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AnaTKAcrr or the pisclpsprs 

A, novel structure of an active elaotro-optical device is 
disclosed. The device is provided with, coaplaaentary thin fila 
ineulated gate fiald effect transistors (TTTs) therein which 
comprise a P-TFT and an N-TFI * P-TFT and N-TFT are connected to a 
common signal line by the gate elactrodea thereof, while the 
source (or drain) eleotrodes thereof are connected to a common 
signal line as well as to one of the picture element electrodes, 

in case of driving the active electro-optical device, a 
gradation display can be carried out in a driving method having a 
display timing determined in relation to a ti»e F for vriting one 
screen and a time (t) for writing in one picture element, by 
applying a reference signal in a cycle of the time (t) , to the 
signal line used for a certain picture element driving selection, 
and by applying the select signal to the other signal lino at a 
certain timing within the time (t) , and whereby setting the value 
of the voltage to be applied to a liq.uid crystal. 
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